ABSTRACT: This paper presents the collaborative work that, the fluid mechanics, hydraulics or hydraulic machineries departments, from 6 Romanian universities, have put together in order to build up a web based platform to be used, by students as well as by teachers, in the study of fluid engineering. The different components of the platform are presented and discussions are made on the main problems that appeared in the creation process of the PiiF (PiiF stands for "Fluid Engineering Informatics Platform" which in Romanian is: "Platforma Informatica de Ingineria Fluidelor") platform. Of course, adopted solutions to the problems are also explained thoroughly. We consider this project to be a good example on both: collaboration in engineering education and new innovative methods for engineering education.
INTRODUCTION
The "Fluid Engineering Informatics Platform Project" (i. This objective is achieved by a collaborative effort performed by 7 departments, each having different names from the Fluid Engineering field, coming from 6 Romanian technical universities, namely: the Technical University of Civil Engineering Bucharest (PiiF Project Coordinator), University "Politehnica" of Bucharest, "Politehnica" University of Timisoara, Technical University of Cluj-Napoca, "Dunarea de Jos" University Galati, and "Gheorghe Asachi" Technical University of Iasi.
The different names of the above mentioned departments, was the main reason why the term "Fluid Engineering" was chosen.
In fact fluid engineering includes many fields such as: Fluid Mechanics Engineering, Fluid Measurements, Computational Fluid Dynamics, Fluid-Structure Interaction, Geophysical Flows, Fluid Flow Visualization, Fluid Machinery and Systems (pumps, turbines, hydropower), Hydraulics, Fluid Power, Fluidics and Fluid Control, Bio-fluid Mechanics, Fluid Mechanics Instabilities, Multiphase Flows, etc [1] .
Many cooperation projects between each of the "Fluid engineering" departments of the above mentioned universities existed before. Such cooperation projects can be traced back, up to the sixth decade of the 20 th century. Nevertheless the start-up project that included all 7 departments dates from 2005 when the Romanian national committee for scientific research in higher education launched the "consortium" type of grants. A consortium called ACCORD-Fluid (ACademic COnsortium for Research and Development in Fluid engineering) was created between the 7 departments and a grant was obtained to study "Vortex dominated flows". In the 3 year period of the grant, 3 conferences on "Vortex dominated flows" were organised with the participation of members of the 7 departments that were thus able to know each other, to understand the work of the partners in the consortium and assess its quality. At the end of the grant a monograph on "Vortex dominated flows" was published with contributions from members of each department involved in the project.
In the period between 2008 (end of the consortium grant) and 2010 (start of the PiiF project) several excellence grants were obtained in collaboration by members of the ACCORD-Fluid consortium but they usually concerned groups of 2 or 3 departments. A fourth conference on "Vortex dominated flows" was organised in 2008 based on founding provided by one of the "excellence" grants.
In 2009 no conference was organised by ACCORD-Fluid, principally due to economical crisis constrains but the consortium was reactivated (all 7 departments as partners) for the start of the PiiF project that took place in 2010.
THE PIIF PROJECT
One of the constant concerns of nowadays employers is for their new employees to have, not only a solid knowledge of basic principles, but also to be able to perform a rational and correct analysis of an unusual situation, come up with a solution and implement it. Thus, engineering education (not only the one concerning fluid engineering) must be targeted at such a goal, i.e. teach students that "basic concepts + correct scientific logic = solving applications". Unfortunately, what we teach students today looks more like a collection of information/recipes that can, apparently, only be applied in some particular situations [2] . Nowadays students lack the exercise of extrapolating the "recipes" or "information" they learned at the university to slightly different situations and come up with solutions to unknown problems. The main purpose of the PiiF platform is to try and change this aspect within the Romanian fluid engineering community by teaching students how to apply the correct scientific logic to the basic concepts they learned in order to obtain a solution or to solve a problem.
The web based platform that we are building within the PiiF project is organised around this main idea "basic concepts + correct scientific logic = solving applications" [3] .
From the start, we must emphasize that we are not trying to build up a single standard line of study in fluid engineering. Although all 7 departments involved in the project basically teach the same discipline, each of them has its own specificity from emphasis on ship propellers to emphasis on aircraft propellers, from accent on pumps to accent on hydraulic turbines, from highlight on geophysical flows to highlight on urban sanitation systems, from stress on bio-fluid flows to stress on water supply systems, etc. By the consortium approach, we also hope that the web based platform (www.piif.ro) will help widen the engineering horizon of students that will find next to the concepts or sample scientific and engineering logic in their own line of study other adjacent applications, of the same basic principles with different engineering logic used to solve other problems.
We also hope that, at the end of the project, the web based platform will prove useful to teachers also, providing them with a tool that will help them build-up a modern and appealing course in fluid engineering regardless of the specificity existing in each of the partner universities (as long as each of the partner departments will deal in addition to general concepts with its specific applications).
Once the project is completed in 2013 the platform will still be opened to teachers that will still be able to add new concepts or new samples of scientific or engineering logic, new interactive applications or new visualizations or numerical simulations and to students of the 7 involved departments.
PROJECT MANAGEMENT
The PiiF project is lead by a project manager and a deputy manager, both from the Technical University of Civil Engineering Bucharest. Each of the teams from the other 5 partner universities has a team director. They are all responsible of the communication between the teams, compliance with the deadlines for the reports that have to be created during the project and financial aspects for each team.
As long as the scientific aspects are concerned, materials uploaded on the platform by members of the consortium are reviewed by a scientific committee composed of the project manager, the deputy manager, and four activity coordinators.
The activity coordinators are each responsible for one of the data bases that compose the PiiF platform (see below "platform description"). For the database with basic concepts and sample scientific or engineering logic the activity coordinator comes from the "Politehnica" University of Timisoara, for the database with interactive applications of the basic concepts and/or scientific logic the activity coordinator comes from the "Politehnica" University Bucharest, for the virtual database of significant laboratory experiments the activity coordinator comes from the Technical University of Civil Engineering Bucharest and for the database containing flow visualizations and numerical simulations of flow phenomena the activity coordinator comes from the "Dunarea de Jos" University of Galati.
In order to become available to other users each material uploaded on the platform must have the final approval of the corresponding activity coordinator.
In this stage of the project access to the platform is granted upon request to all teachers from the 7 partner "Fluid Engineering" departments and to any student of the partner universities.
The PiiF Project progress and results are shared to the Romanian academic community through 3 Summer Schools, 2 National Conferences, as well as many Training Sessions and Study Visits between students and teachers of the partner universities.
PLATFORM DESCRIPTION
The PiiF web based platform is mainly composed of four databases linked together in order to assess the major idea of the project, that is: "basic concepts + correct scientific or engineering logic = solving applications". The four components of the PiiF platform are:
• A database with basic concepts and sample scientific or engineering logic; • A database with interactive applications of the basic concepts and/or scientific logic; • A virtual database of significant laboratory experiments; • A database containing flow visualizations and numerical simulations of flow phenomena.
As stated above, each of the partner departments involved in the PiiF project will deal, in addition to general concepts, with the concepts, sample engineering logic, applications, laboratory experiments, flow visualizations and numerical simulations in its own line of expertise.
The four databases are linked together so that any teacher will be able to use any of the resources on the platform to build up his own course or to indicate to students a given path through the existing information on the platform. Of course, individual study is also possible. Navigation trough the platform can also be performed based on keywords that link different objects in the same data base or different objects from different databases together. The data base with concepts and sample scientific or engineering logic is the core of the PiiF platform. A concept is organized as a word processing document that presents a single
The data base is divided into three major categories: basic concepts; sample scientific logic for simple applications and sample engineering logic for complex applications. Each of these categories is further divided into subcategories that match specific chapters of fluid engineering. Each of the subcategories contains several related concepts.
When choosing to view a concept the user is presented a short abstract of the concept (that can contain pictures) the name of the author as well as buttons for: the download of the e-paper containing the concept (a word processor file), the links to other related downstream concepts, the related interactive applications, the related laboratory assignments or the visualisations or numerical simulations directly related to the visualised concept. Another button is provided for the download of the notations used by the author of the e-paper.
The interactive applications database will permit the students to apply the basic concepts and sample scientific or engineering logic to other situations than the ones described in the concept itself, to get used to the needed data in order to solve a given problem, to the order of magnitude of certain physical quantities and last but not least, to the order of magnitude of the results.
This data base is composed of two categories of applications. The first category is composed of simple solvers (the spreadsheet type of applications) that require the users to input data in some areas of the spreadsheet while the results are automatically computed in another area of the same spreadsheet. The second category is composed of complex applications that generally require the use of a third party computer software. In this respect the platform contains a collection of third party educational software that is available at the partner departments involved in the project. In order to be able to use the software any student or teacher from the partner universities can use a special remote control access software "2X" that was adapted for the PiiF platform by the Romanian representatives of the producing company. In this way the educational software does not need to be installed on each of the computers that use it. It is enough that the educational software runs on the server of the partner university that provided it, while each user should install a "2X" client to be able to run a remote desktop from the server and thus run the software.
The interactive applications contain apart from the application itself, word processor files presenting some explanations about the application, the requirements and links to related concepts that should be read before attempting to solve the application.
The most expensive resources involved in the engineering teaching process are laboratory experiments. This is the reason why we have chosen to add a virtual laboratory experiments database in our project. Virtual laboratory does not mean numerical simulations. The laboratory experiments that we will perform within the PiiF platform are real laboratory measurements on real experimental systems existing at each of the partners. Perhaps the term "remote measurements" would be more appropriate.
In fact, some laboratory experiments, existing at each of the partner universities, will be refurbished so that they can be remotely accessed by the other partner universities upon request. Measurements will be performed remotely while data processing and interpretation will be performed locally. For the remote operation the same "2X" client will be used (just as in the case of the interactive applications.
In figure 2 we present the experimental set-up for the study of a circular jet, before and after the refurbishment. Figure 3 represents the user interface that the students will use to acquire experimental data from the circular jet experimental set-up. Another good example of refurbished experimental setup is the one presented in figure 4 , the water-water ejector where it is obvious that all pressure gauges (that permitted only local measurements) were replaced with pressure transducers and a computer interface was added for communication with the server. Those are only 2 examples for the six experimental stands that are in operation in this stage of the project. This approach will, on one hand, decrease the time in which an experiment is performed (as long as all the data are digitally collected on a computer) and on the other hand, increase the number of experiments that can be performed in each of the partner universities without a substantial financial effort. It's just like putting all our experimental resources together each of us being able to use all the resources upon appropriate scheduling arrangements [4] .
As long as the flow visualization and numerical simulations data base is concerned, it will be mainly linked to the basic concepts and sample scientific or engineering logic database. This will enable the concepts to be more appealing to students as long as the e-paper containing the explanations of a concept or a sample scientific or engineering logic will contain links to flow visualizations and different simulations trying to depict the studied fluid flow phenomena.
In addition to the four data bases that were anticipated in the project request, three new sections were added to the platform after the beginning of the project.
A section containing reference books and relevant scientific papers was added. This database is divided just as the concept database is. Links to the books and relevant scientific papers can be inserted in each of the concepts, interactive applications and virtual laboratory data bases.
Another added section is the one containing educational films and visualisations that can be freely downloaded from the internet. Finally a third section, containing relevant information about the platform was also added. This section can only be accessed by the members of the scientific committee of the project. It presents data regarding the number of people having accounts on the platform, frequency of access to the platform, status of the concepts, applications, laboratory experiments and visualisations, number of items existing in each category, active authors, active students, etc.
CONTENT REALISATION ISSUES
The realisation of the platform was not really an issue as long as the acquisition (both for software and hardware) was only performed by the Technical University of Civil Engineering Bucharest (TUCEB). The hardware needed in each of the partner universities were later transferred from the TUCEB to the partners. Filling in the contents of the platform was a different matter.
Some of the issues we encountered were somehow expected by the scientific committee due to the fact that we had already worked together in other projects. One of those issues was the difference in notations between authors [5] . In order to by-pass this issue, from the start, the scientific committee, stated that there should be a list of notations for each author, a link to the list being added to each concept the author up-loads on the platform.
Another expected issue was that multiple authors would consider writing and up-loading the same basic concept on the platform. In this respect, the scientific committee announced from the beginning of the project that during the project, no duplication of any concept will be permitted. The rule for assigning concepts to authors is "the first that requires writing a concept is the one that will write it". Fortunately this issue (that was a concern of ours especially for the basic concepts) did only occur three times up to this implementation stage.
The last expected issue was related to the links between concepts. Such a platform can become useless if the author of a concept is specifying links to both upstream and downstream concepts while other authors (that did not have the opportunity of writing that particular concept) would like to see other links. To solve this problem the scientific committee acknowledged that only downstream concepts could be linked to a given concept and that the author is fully responsible of the links provided.
To list also some unexpected issues encountered up to this stage of the project we must mention issues related to: the visualisations and numerical simulations database as well as related to the virtual laboratory data base.
Some of our partners understood that visualisations or numerical simulations of fluid phenomena are referring to still pictures of those phenomena while we, when we wrote the grant request, thought about some films and animations. We had to convince our partners that this is the good way to follow for an appealing fluid engineering course (this is one of the reasons why a film data base was later added to the platform).
For the virtual laboratory data base, the experiments that will be shared between partners were chosen by the scientific committee based on the offers made by partner universities (each partner university had to provide at least to experimental set-ups to be shared between partners). After the choice was made (based mainly on economical criteria, as this type of project does not encourage equipment acquisitions), in the implementing stage, we realised that some major aspects were omitted by our partners, such as lack of internet access in the building or lack of continuous power supply to the experimental set-ups and/or servers. All those issues had to be solved before the experimental set-ups were included in the platform with supplementary costs.
CONCLUSION
We hope that at the end of the project, the PiiF platform will prove useful to both teachers and students. To the teachers, it will provide a modern tool that will help them build-up a modern and appealing fluid engineering course. To the students, it will provide a modern on-line instrument that will help them understand basic concepts in fluid engineering as well as teach them to apply correct scientific or engineering logic in order to solve given problems.
